1) The most important periods in the treatment of muscles weakened as a result of infantile paralysis are the acute illness, and if necessary a prolonged convalescence.
IF we refer to a modern textbook on orthopaedic surgery we find that all the principles on which I rely for the treatment of infantile paralysis are recorded, so that I have nothing new to offer. My only reason for selecting this subject for discussion is that so many alternative treatments are advised that a frank review of these and the results of our own practice and experience may be helpful.
It is probably his good fortune that a surgeon is rarely called on to treat a case of infantile paralysis from the acute onset throughout the convalescence to the final result. If he has this responsibility he would be well advised to tell the parents that, however careful the treatment during the acute illness and convalescence, incomplete recovery is probable. Unless the physician has the loyal cooperation of the parents in maintaining a line of treatment which we know to be surgically sound, he would be wise to leave the future in other hands.
We are dealing with an infection which primarily affects motor nerve centres, and it is with the part played by muscle in the causation of deformity and restoration of function that I propose to deal. The pathology of the disease is known, and the causes of deformity are understood, so that there is general agreement on the principles of treatment to be adopted during the acute illness and convalescence. Treatment of Muscles during the Acute Illness.-During the acute, illness, i.e., during the stage of tenderness, any other treatment of the muscles than that of rest, with prevention of postural deformities is generally recognized as harmful. The DEc.-ORTH. 1 Proceedings of, eth-oyal Society of Medicine 2 spinal column and limbs should be immobilized in positions wbich prevent overstretching of the weakened muscles, -and-ensure that the position of the joi.sts is that most useful to the patient, whatever the final degree of paralysis. The acute stage may last from one to six weeks.
Treatment of Muscles during Convalescence.-During convalescence control of treatment is more difficult; -the' parents tend to form their opinion of the seriousness of the illness'' largely from the 'attitude of the child, and-unless 'we'6an limit-his activities, deformity is certain. The weakened muscles are like delicate plants in a greenhouse, which require all the care of a skilled gardener for their full development. The inflammation-in the spinal cord -has subsided, and the degree of ultimate recovery will largely depend on -the treatment of muscles weakened or paralysed as the result of the pressure of the products of inflammation on the cells in the cord which control them. The positions of deformity must still be prevented by splintage, but the treatment of the muscles themselves is also of the utmost importance. Too often massage, electrical treatment and re-education are practised without a clear knowledge of the fact that the only muscles which require these are the paralysed or weakened muscles. It is a disservice to the patient to stimulate and encourage the use of the least affected muscles. We are trying to restore balanced muscular control of the joints; therefore the weak muscles must be constantly protected, nurtured and re-educated, strain and fatigue being avoided, while the healthy muscles are allowed to atrophy from disuse.
Assumption of the Erect Posture.-The tendency of the child may be to sit up or walk, and the question of when this should be allowed arises. The child must be kept recumbent or' supported until we are satisfied that the spinal column can be maintained erect by muscular power; weakness of the gluteal muscles is also an indication-for prolonged treatment in the recumbent position.
Not uncommonly, 'patients suffering from weakness of the spinal or gluteal muscles, require from six to twelve months' treatment before the upright position is allowed. Neither splintage nor surgery can mask the disabilities which follow weakness of these muscle groups, so their treatment with the patient recumbent should have special care.
The same principles of relaxation and treatment of the weakened muscles are more easily applied in the upper limb, knee, and foot. The abduction splint for the shoulder, the caliper splint for the knee, and simple splintage to support the foot, will -usually prevent deformity and overstretching of the weak muscles, -while moderate activity is allowed. I have found one exception to this-the gradual onset of calcaneo-cavus deformity of the foot if the calf muscle is seriously weakened; it is important to recognize this 'tendency before fixed deformity 'occurs. This compound deformity is insidious in onset, and I believe that in many cases, it can only be prevented by operation.
Splintage is therefore necessary in all cases of infantile paralysis, and the question of when splints may be dispensed with naturally arises. Splintage to prevent overstretching of the weaker muscles should be continued until there is evidence that further weakness of the affected muscles will not occur if freedom is allowed. They should not be suddenly discarded. The indication for the relaxation of splintage is the ability of the patient to maintain the limb in the position which splintage ensures. The range of movement may then be gradually increased so long as we are satisfied that the muscles are not weakening as a result of fatigue' and overstretching. Splints to prevent deformity from overaction of stronger muscle groups, or to ensure stability, should be' continued unless these tendencies can be relieved surgically.
The Correction of Established Deformity.-Our common experience is that we first see the patient long after the deformity is established. The child cannot walk, or walks-badly, and increasing deformity is feared by'doctor and parents. At no stage in the treatment of infantile paralysis are more patience and judgment necessary.
We cannot carry out all the text-book methods for correcting deformity Surgically, we can quickly correct many of these, but we must realize that our final result -may depend largely on the method we adopt. Two things are certain: (1) muscular control of the limb is already deficient, and (2) divided tendolis and muscles quickly undergo further shortening and atrophy. I therefore submit as a principle that division or elongation of a tendon or muscle to correct deformities in infantile paralysis should be resisted unless we are satisfied from our experience:
(1) That correction of deformity will improve function.
(2) That division or elongation of tendons is necessary to correct deformity.
(3) That the power of the shortened muscle or tendon could not be utilized by tendon transplantation at the time of operation. % I will refer to the common deformities following infantile paralysis, and my practice in their treatment.
Scoliosis.-We have emphasized the importance of prolonged treatment in the recumbent position during the acute illness and convalescence in paralysis affecting the spinal and gluteal muscles. Not uncommonly both these, with or without paralysis of the respiratory muscles, play a part in the rapid production of the more severe cases of spinal deformity. We can correct this deformity, or at least centralize body weight, by means of plaster of Paris jackets, etc., but we must realize that subsequent deformity will be more severe unless we provide for prolonged mechanical support and treatment of the affected muscles, or adopt one of the methods of surgical fusion of the vertebrta practised by Hibbs, Mackenzie Forbes, or Albee.
Theoretically, spinal fusion appeals to me for the treatment of many of these cases, but the mortality even in the hands of experts is high-Hibbs [1] , 3 9 per cent.; Mackenzie Forbes [21, 10 per cent. My personal practice is to depend on gradual correction of deformity and simple splintage to maintain centralization of body weight, while treatment to develop the weaker muscles is continued.
Lordosis.-This is usually secondary to weakness of the abdominal muscles, and/or flexion contracture of the hip-joints. In the former case a closely fitting corset will largely replace the function of-the abdominal muscles.
Treatment of Flexion Contractutre of the Hips.-This is the first point on which, I think, discussion may be useful. We all recognize that fixed flexion contracture of both hips is one which must be overcome before the upright position is possible. This deformity in bedridden patients is frequently associated with contracture of the knees and equinus deformity of the feet. What method shall we adopt to correct the deformity ?
In the text-books (Whitman, Jones and Lovett, etc.) gradual correction of deformity of the hips is mentioned, but it certainly is not emphasized; in fact the only illustrations in Jones and Lovett are of cases in which deformity has been corrected by operation. The operations advised and illustrated are those recommended by Soutter [6] and Campbell [7] . By these operations we do at least two things-we divide and so weaken the tensor fascia femoris-and we detach a large portion of the origin of the gluteus medius. Soutter and Campbell both recognize that division of the psoas muscle and the anterior portion of the capsule of the hip-joint may be necessary in the severer cases. Whichever operative procedure is adopted, complete immediate correction of the deformity is seldom possible or wise, so that we must be familiar with the methods of gradual correction of deformity in order to obtain full extension of these joints. The text-books which give prominence to these operations also tell us that no splintage can mask the limp resulting from paralysis of the gluteus medius muscle. Legg's operation of transplantation of the tensor fascia femoris muscle is the only one recommended to replace its function.
I agree that the operations advised may reduce the time necessary for the correction of flexion contracture of the hip-joint, but I submit that the contracture DEC.-ORTH. 2 * 4.t resulting from infantile paralysis is the one in which they should seldom be employed.
The prominence given to operative methods in the text-books makes me feel that there is a real risk of our specialty becoming too surgical. We must 'realize that methods of correcting these deformities were successfully practised before these operations were surgically safe, and we can only assess the value of modern methods if we have experienced the possibilities of correction of deformity by gradual splintage.
Gradual Correction of Deformity.-It is my good fortune to have been trained in a school in which success in the application of the principles of gradual correction of deformity has been very striking. I have learned that Nature resents tension, and gradually allows relaxation of structures to which it is constantly applied. My experience is that operation is seldom necessary to correct flexion contracture of the hip in infantile paralysis. Tenotomy of the fascia I sometimes make a preliminary to gradual correction of deformity-but only in very severe old-standing cases would I gonsider a major operation.
During the past eighteen years I can only recollect once having anesthetized a patient for correction of flexion contracture of the hip-joints resulting from infantile paralysis, and in this case the ilio-femoral ligament was found to be the main obstruction to correction.
When there is marked spinal lordosis, the method used by Dame Agnes Hunt at the Shropshire Orthop.,dic Hospital is valuable ( fig. 1 .)
The principles of this method are:
(1) The correction of lordosis by fiexion of both hips while the spine and one flexed hip are im'imobilized in plaster of Paris.
(2)p The free limb is then fixed in a Thomas knee-splint which is gradually lowered as the tight structures yield to extension and gravity.
(3) The limb in which deformity has been corrected is then incorporated in plaster with the spine, while the other limb is gradually extended. The illustrations ( fig. 2 , pp. 6, 7), show the result of the application of these principles in the correction of severe contracture of the hips, knees ands feet. I personally took no part in the correction of deformity in this case. Had the result been one of surgical treatment I would have had reason to be proud. The case demonstrates the value of a staff fully trained in the application of the principles of gradual correction.
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Deformity of the Knee.-Here again, good leverage is available, and any muscleshortening is usually rapidly overcome by simple splintage. In severe old-standing cases of flexion contracture of the knee in adults, where arthrodesis has beep decided on, division of tendons is not itself sufficient to allow correction of deformity. The most resistant structure is the posterior ligament of the joint.
Forcible Correction of Deformity.-This method is perhaps best illustrated in the treatment of cavus deformity of the foot. Here the Thomas wrench supplies the leverage. The value of this instrument in correcting severe degrees of established deformity of the foot must be witnessed to be appreciated, and tbis is necessary in order that -we may assess the relative advantages of other methods.
My experience has been that after division of the plantar fascia and short muscles near their attachment to the os calcis, by a tenotome, complete over-correction of cavus deformity can usually be obtained by the use of the Thomas wrench in children and young adolescents.
I therefore seldom practise the stripping process devised by Steindler. Tentmir and Tendon Lengthening.-These operations are seldom necessary for the-correction of deformity of the hip and knee; in the case of deformities of the foot, the temptation should still be resisted. A shortened tendon is usually an active tendon, and muscle power being already deficient, it is a safe general rule in infantile paralysis never to divide a tendon for correction of deformity alone. The only tendon I sometimes elongate is the tendo Achillis, but even this simple operation is not to be undertaken lightly. A slight degree of shortening of thie tendo Achillis may have advantages in infantile paralysis, e.g., in cases of quadriceps insufficiency, when weight is borne on the limb, the strain on the gastrocnemius muscle locks the kneejoint and so increases its stability. In cases of simple cavus deformity of the foot, the shortened tendon acts as an anchor which allows true correction of this deformity at the mid-tarsal joint. In extreme equinus, elongatidn of the tendo Achillis may be necessary to allow relaxation and recovery of the weakened anterior tibial muscles, it should be elongated just enough to allow the right-angled position of the foot. Walking with the foot fixed in this position will ensure, when the plaster is removed, the slight dorsiflexion desirable for complete recovery of function. In many cases of deformity of the foot in infantile paralysis, fusion of the tarsus in a good weightbearing position will be desirable to ensure stability of the foot. In these cases the tendo Achillis should always be elongated, if necessary, just enough to allow the normal weight-bearing relationship of the leg bones with the astragalus and os calcis [5] .
Having corrected deformity, a suitable period of splintage and treatment of the weak muscles in relaxation is necessary before the final degree of recovery can be established. The question then becomes one of whether by surgical means we can improve function and reduce splintage. The practical methods at our disposal are operations on bone to increase stability, tendon transplantation and tenodesis. The first lies outside the scope of this discussion, but we must remember that in most cases, especially in the case of the foot, operations on bone may be an essential preliminary to tendon transplantation, tenodesis, or all that is necessary to provide the best functional result. Tendon Transplantation.-The literature of tendon transplantation is so confused that it easily explains our failures and makes more worthy of publication the methods on which we depend for success. 4r Historical.-The literature on tendon transplantation, or tendon anastomosis, as it was called in the earlier days, contains much of interest. Although credit for the application of the principle to paralytic deformities undoubtedly belongs to Nicoladoni, who published in 1881 the operation of transference of active peroneal muscles to the tendo Achillis for a paralytic calcaneus deformity, we find that transfQrence of power from one muscle to another by tendon anastomosis had been practised'in traumatic surgery more than a century previous to this. Malgaigni "Orthopmndic Surgery," 1862, and Velpeau, in his "Operative Surgery," 1839, alike recommend that severed tendons be grafted upon intact adjacent tendons.
Probably the first surgeo'n to graft a tendon was Missa; the case published in the Gazette Salutaire, 1770, No. 21, was one in wliich the peripheral end of a divided extensor tendon of the middle finger was successfully grafted upon the tendon of the ring finger. J. Hilton Waterman, in an address to the surgical section of the Buffalo Society of Medicine in 1902, reviewed the histo'ry of the evolution of tendon transplantation and its posiltion at this time. He stated that at least six surgeons since 1881-the date of Nicoladoni's operation-appeared to have proposed tendon transplantation as a new and unheard-of phase of surgical intervention.
Tendon transplantation, therefore, appears not to differ from other surgical innovations in that it has beeni practised by an individual, forgotten, and red_iscovered, perhaps many times, before-it becomes a generally accepted surgical advance. The detail and application of the procedure the-n became a matter of controversy, and this seems. *o be the position of tendon transplantation to-day. It is nearly half a century since the operation was first utilized in a case of infantile paralysis. During this time successes an-d new methods have. been reported, but the fact that its growth in popularity has been spasmodic rather than'steady, makes one feel that ineither the indications for th'e operation,,nor,the principles which should guide us in performing it, are -yet generally accepted.
In reviewing the'successes published up to the end of the nineteenth century, the most striking point, is that in the lower limb they are all cases of transference of muscle power to.an adjacent muscle, and in each case this has been a muscle. normally in action with the one transplanted. The only success reported in A# .
Proceedings8 of the Boyal Society of Medicine which a, 9exor had, been substituted for an extensor, in infantile paralysis up to this time'is transference of the flexor carpi ulnaris to the extensors of the fingers. in a caseof complete radial paralysis. It is also of interest that before the close of 'the nineteenth century tendon transplantation had been utilized by Franke 'in the treatment of: spastic paralysis, and the operation of direct muscle 'transference had been established by Goldthwaite, who advised anastomosis of the sartorius muscle with the quadrieps extensor, in cases of paralysis of this muscle.
As a result 'of the publications of Vulpius, Lange and Codivilla, tendon transplantation became more generally known and practised at the beginning of the present c ntury. Lange emphasized the importance of the direct periosteal implantation of the severed tendon, while Vulpius advocated tendon-to-tendon suture.
The operation became popular, surgical asepsis made it safe, and before the European war, as a result of the extensive experience of many surgeons, the following principles for success in the operation were established:
(1) That previous to operation, correction of deformity should be complete.
(2) That the transplanted muscle should run in a direct line from its origin to its new insertion.
(3) That the muscle should be of sufficient power to meet the strain which wouldbe imposed on it.
(4) A recognition of the fact that where (3) was not practicable, transferenc6 of muscle power could still be advantageously utilized as an adjuvant to other procedures such as tenodesis and arthrodesis. Failures. were, however, still common, and these were ascribed mainly to adhesions and faulty union at the point of insertion. The operation generally became less popular, and more limited in application, while the explanation of failure became the subject of investigation in many research laboratories and surgical units.
The literature of the present century illustrates the two phases through which the operation of tendon transplantationhas passed. During the first it was popular, and subjected to intensive experiment; Vulpius devised at least 116 operative procedures of tendon transplantation for the treatment of paralysis in the foot alone. During the second phase, research into the anatomy and physiology of tendons and muscles has helped to explain failures and successes, while the extension of other methods, notably tenodesis and arthrodesis, has more clearly defined the limitations of the usefulness of tendon transplantation alone.
Anatomy and Physiology of Tendons.-Normal tendon is surrounded by loose, fatty, areolar tissue, and usually wbere it passes under ligamentous structures a special sheath is developed. This consists of fibrous tissue separated from the tendon by two layers of synovial membrane, one lining the sheath, the other covering the tendon, except at the posterior surface where the synovial membrane lining thesheath is reflected on to the tendon. This forms a loose, delicato membrane -the mesotendon-connecting the floor of the sheath with 'the tendon; great importance has been attached to it because it conveys the main vascularsupply of the tendons. It is also to be noted that the synovial membrane is plicated at each end of the sheath, which is Nature's method of allowing free play of the tendon within the sheath, without rupture of the synovial membrane.
Biesalski, Mayer, 'Steindler and Bernstein are amongst the main contributors to the modern literature which deals largely with the problem of the' prevention of adhesions and the maintenance of nutrition of transplanted tendons. Their views are based both on clinical experience and experimental research. Lange and his assistants also produce further evidence as to the value of silk as a means of the transference of muscle power, parchment being used to prevent adhesions at points where these are likely to form.
The advances claimed by these surgeons are mainly illustrated by operations on tendons controlling the foot, and' we mav profitably confine our discussion almost entirely to this problem.
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We may summarize the result of modern investigations as follows:-Tendon Sheath Exchange.-The method of tendon sheath exchange has been developed by Biesalski [6] and Mayr [7] . The principles are transference of the transplanted tendon to its npw'insertion through the sheath of the tendon it is replacing, and avoidance of adhesions by careful suture of fascia where the tendon crosses intramuscular planes. The operation necessitates rupture of the synovial membrane of thetendon sheath and* the mesotendon of both tendons' it also sacrifices the tendon which supplies the sheath. Mayer noted later that it was not necessary to withdraw the paralysed tendon, as he fouid the sheath large enough to accommodate both tendons. Steindler [8] , while recognizing the advances of Biesalski and Mayer, notes that in two cases in which he had to re-operate (both were. cases in which the peronei had been transposed to replace the tibialis anticus) the transplanted tendon, while it had not broken loose from its attachment, had degenerated into a 6ne, insignificant bundle of fibres, incapable of producing any mechanical action. He attributes these degenerative changes to faulty nutrition, and points out that tendons generally receive very little blood-supply from central vessels, that small vessels penetrate into the tendon at the point of insertion and from the muscle substance, but that for a large distance most tendons are dependent for their nutrition on small vessels passing to them through the mesotendon. He therefore advises that thiis structure be not disturbed at operation. Steindler recognizes that preservation of the mesotendon necessarily restricts the field of successful tendon transplantation'.-Bernstein.
[9] reports his experimental resultson three methods.
(1) The Lange method. Subcutaneous transposition' of a tendon to a new periosteal insertion.
(2) The Biesalski-Mayer method. Transference of a tendon to' its new insertion through the sheath of another tendon.
(3) His own method. Transference of the tendon together with its sheath and peritendinous structures. As a result of histological findings, which are fully illustrated, he states that there is less nutritional disturbance of the tendon and less likelihood of adhesions when the sheath is transferred with the tendon. He illustrates transference of the peroneous longus, together with its sheath, to replace a paralysed tibialis anticus, and transplantation of the extensor longus hallucis and its sheath in' a case of peroneal palsy.
These writers also draw attention to the importance of avoiding strangulation of the tendon by suture material.
Although the literature on tendon transplantation has dealt mainly with methods of restoration of functional control of the foot, certain advances have been claimed for muscle or tendon transplantation for the restoration of stability and function in the hip, knee and 'elbow, while the war provided us with an unusual experience of treating paralysis in the upper extremity by transference'of muscle power to a new insertion.
Transplantation (1) Transference of power by means of silk ligaments from the erector spinae of the same side to'the great trochauter, and
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(2) Transference of power from the latissimus dorsi of the sound side to the femur of the paralysed side. Legg's Operation.-This operation 'is advised by Legg where the gluteus medius and minimus are weak and the gluteus maximus is intact. It consists of direct transference of the power present in the tensor fascia femoris to an insertion in bone just below and behind the great trochanter. I h'ave not had-experience of these operations. My general surgical experience has been that living tissues, whether bones, joints, nerves or tendons, frequently demonstrate a dislike to the presence of foreign non-absorbable material. Lango claims that by -special -treatment of the silk this difficulty has been overcome.
I am sure Legg's operation would be effective in the cases in which he recommends it: partial paralysis of the gluteus medius with an active gluteus maximus, and tensor fascia femoris. Unfortunately these cases are rare. The possibility of this operation, however, emphasizes the importance of the preservation of the gluteus medius and tensor fascia femoris in correction of flexio'n deformity of the hip.
Tendon Transplantation at the Knee.-The operation commonly advised and practised for quadriceps insufficiency is transference of the biceps, and perhaps one of the inner hamstrings, to a new insertion in the patella. I have had long experience of this operation but I have never been satisfied that the return of any active voluntary extension of the knee-joint was due to the action of the transplanted muscle. I believe, however, that its tonic contraction gives increased stability to the knee when weight is borne on the limb.
The onW operation which I practise for quadriceps insufficiency is transference of either the tensor fascia femoris or the sartorius muscle to the patella [15].
Either or both of these muscles are naturally in action in extensionr of the knee, and the transference of their insertion to the patella only renders their power more effective.
The case I demonstrate shows extreme hypertrophy of a tensor fascia femoris which has been transplanted. When the knee is voluntarily extended, the contraction of this muscle and the tight subcutaneous cord passing to the patella clearly demonstrate that this muscle is responsible for the action. The operation again illustrates the importance of preserving the tensor fascia femoris in correcting flexion deformity of the hip.
Tendon and Muscle Transplantation in the Upper Extremity.-Shoulder.-No transference of muscle-power has been established as an effective substitute for a paralysis of the deltoid muscle. We therefore usually depend on arthrodesis of the shoulder in abduction' when the indications for this operation are present. These are, (1) good control of the scapula, and (2) useful function in the hand.
Blbow.-Steindler has reported'successful transposition of the insertion of the triceps muscle to the front of the elbow in a case of flexor paralysis, and has introduced the method of transference of the common origin of the flexors of the wrist and hand to a higher level in-the humerus, so that they might act more effectively as active flexors of the elbow-joint. Tendon Transplantation of the Wrist and Fingers.-The war gave many of us extensive experience of tendon transplantation in the restoration of function. The main value of this experience was that we could rely on two constant factors:
(1) The muscles, whose function we replaced, were definitely completely paralysed, and (2) the muscles transplanted were physiologically normal. Certain operations became' standardized, and our results improved as we became more familiar with the surgical details. These cases were, however, frequently complicated by stiffness of the joints.' Contracturemay be present in infantile paralysis, but seldom the limitation of movement due to trophic and inflammatory changes it the joints and muscles. In both conditions free restoration of passive joint movement is an essential preliminary to success. -Although many new operations were evolved, they 252 10 11 Section of Orthopaedies 263 were all essentially the application of common principles. In musculo-spiral paralysis we found that loss of extension of the wrist, fingersand thumb, could be surely replaced by transference of the pronator radii teres, flexor carpi radipiis, and flexor carpi ulnaris to the extensors of the wrist, fingers and thumb. I have also had success in two cases by transferring active radial and ulnar extensors to the common and deep flexor tendons when these muscles have been completely paralysed. Apart from these two group transplantations success was generally more certain if we depended on one of the same group for the transplantation. This is well illustrated in paralysis of the short extensors of the thumb. If we replace them with portions of the radial extensors of the wrist recovery of function is natural, abduction of the thumb being a movement closely and commonly associated with dorsiflexion of the wrist.
Paralysis of the intrinsic muscles of the hand results in loss of power of normal flexion of the metacarpo-phalangeal joints in closing the hand. Sir Harold Stiles overcame this by attaching slips of the flexor profundus tendons to the lateral border of the proximal phalanges.
Steindler [13] makes an ingenious application of a similar method in paralysis of the thenar muscles. The loss of the opposing action of the thumb seriously incapacitates the hand. Steindler replaces the actionof the opponens pollicis by splitting the deep flexor tendon of the thumb and afnchoring one half dorsally to the base of the first phalanx.
Tenodesis.-The operation of utilizing tendons as ligaments to limit joint movement has a definite value in infantile paralysis. The principle was! recognized by Tilanus, Codivilla and Vulpius, and has been elaborated by Gallie [14] . Gallie in his first publication advocates embedding of the entire tendon in bone for varus, valgus, and calcaneous deformity. In a later [15] publication he indicates the advantage of implanting only a portion of the tendon in bone, so that any recovery in muscle power may still be available while it is protected from strain. He illustrates fixation of a portion of the tendo Achillis to the tibia in a case of calcaneus deformity. This is an operation which I have practised for many years, and it is one which I greatly value.
Personal Experience of the Sutrgery of Muscle in Infantile Paralysis.-I have emphasized the importance of complete rest and special treatment of the weak muscles for a prolonged period, because we know from experience that only by this means can we prevent deformities and give the weak muscles their best chance of recovery. With regard to correction of established deformity, I have shown that shortened muscles are usually active muscles, and that it is very seldom necessary to elongate or divide them in order to correct deformity. I made an exception in the case of the tendo Achillis, as I am satisfied that elongation of this tendon is sometimes necessary, but it is an operation which should be undertaken only after such consideration as would be given to one of the major operations of surgery. General Principles.-Having corrected deformity, and treated muscles until.we are able to estimate the likely degree of recovery, sound surgical judgment is necessary before we decide on how the power present may best be used in the restoration of muscle balance.
Unfortunately we cannot consider this as an isolated problem, we must consider alternative methods. For example, in the foot, arthrodesis of the tarsal joints may be utilized to maintain stability of the foot, and allow tendon transplantation or tenodesis to be more effective in their control of the ankle-joint. The degree of paralysis varies so much that it is difficult to make rules, but my experience is that in all but the milder cases tendon transplantation and/or tenodesis as applied to the foot are more usefully employed after stability of the tarsus in a good weight-bearing position has been assured by other means.
Having decided that tendon transplantation with or without other procedures is advisable to restore muscular balance, we must consider whioh tendons we shall transplant and how we will transplant them. All are agreed that for suacces the operation calls for perfect asepsis, that the tendons should run a direct course to their new insertion, and that they should not be subjected to strain until their union to the receiving tendon or bone is established. Although adhesions would vitiate success, and every care should be taken to avoid them, I do not agree with many modern workers that this, or disturbance of the nutrition of the. tendons, was the main cause of failure in the earlier operations. On looking back on a fairly considerable experience of tendon transplantation I am clear that success or failure has depended mainly on two other factors: (1) the question of whether the transposed tendon would naturally or could easily be re-educated to perform its new function, and (2) the degree of tension under which the transposed tendon was sutured. The constancy of success in certain operations. and the certainty of failure, in others suggest that an axiom in tendon transplantation in the lowerextremity should be that a tendon, or part of a tendon, should only be used to replace one of its own group, i.e., one normally in action with it. I do not assert that an individual tendon cannot be trained to function in a group with which it is not normally in action, but for this, special attention to re-education and the active co6peration of an intelligent patient are necessary. These desiderata are not always possible, so that I prefer to confine myself to operations in which they are not essential.
The re-education of an individual tendon to act apart from its group appears to be more practicable in the upper extremity, where the action of individual muscles is more specialized. The movements employed in locomotion are, however, simple and controlled by groups of muscles, so that it is more difficult to re-educate an individual muscle to act apart from its own group. We therefore find that in the lower extremity the limitations of successful tendon transplantation are more clearly defined. I have already referred to my experience of failure of a transplanted biceps muscle to control active extension of the knee in cases of paralysis of the quadriceps.
When we come to paralysis of the foot the evidence in favour of this axiom is more striking. There are here, for practical purposes, only two groups of musclesone group the anterior tibial, in action in dorsiflexion of the foot; the other the peroneal and posterior tibial muscles, associated in action with the tendo Achillis in plantar flexion. We find that any of the anterior tibial muscles may successfully replace one another, e.g., the tibialis anticus may be transplanted to the outer side of the dorsum of the foot, or the active power of the extensor longus hallucis may be transposed to the tibialis anticus. On the other hand, no tendon transplanted from the peroneal or posterior tibial groups will be effective in replacing the loss of active dorsiflexion. I emphasize this point because one of the tendon transplantations most commonly illustrated and advised is that of transposing an active peroneus longus to replace the tibialis anticus.
Just as in the case of the transference of the biceps at the knee-its tonic action and the fact that we have weakened a group which was stronger than its opponents may justify the operation as a means of increasing stability of the foot-the cases in which it functions as an active dorsiflexor of the foot in infantile paralysis must be very rare.
The posterior tibial and peroneal muscles form one group. All are in action in extension of the ankle, so that they may be used to replace one another with certainty of success. The successful use of active posterior tibial and peroneal muscles to replace a paralysed tendo Achillis is a striking illustration of the principle of the group action of muscles in the control of the foot.
Having decided which muscles to transplant, the question of technical detail arises. We wish to avoid adhesions, and to interfere as little as possible with the nutrition of the tendons. The degree of tension under which the tendons should be sutured, and whether their point of attachment should be tendon, periosteum or bone, are still matters of argument, and will' only be established to the satisfaction of the individual by his own experience. Personally I suture tendons under considerable tension, and do not consider it essential even in the foot that the point of insertion should be periosteum or bone. In utilizing a tendon, or poirtion of a tendon, as 'a ligament, I always pass it through a hole bored in the bone. 'This allows the tendon to be sutured to itself and gives greater security.
Cases of infantile paralysis vary so much, not only as to the muscles which are paralysed, but as to the degree of paralysis present, that no surgeon can' legislate for the general case. I therefore confine myself to my own method of approach to one or two of the familiar problems.
We might refer to the common types of pes cavus. This type of case is not uncommon and is probably due originally to postural deformity.
(2) Pes Cavus.-Only slight power in the tibialis anticus muscle, and perhaps some shortening of the tendo Achillis-all other muscles good.
Treatment.-Complete over-correction by means of the wrench as in case (1), division of the toe extensors, and very slight elongation of the tendo Achillis if necessary-tendon fusion of the anterior tibial muscles, the foot being fixed in plaster at a right angle in inversion for two months.
(3) Pes Cavus.-Paralysis more severe, with laxity of the tarsal joints. In this case I would consider arthrodesis of the tarsal joints in a normal weightbearing position an essential preliminary to tendon fusion of the anterior tibial muscles.
Tendon Fusion of the Anterior Tibial Muscles.-This is an operation which I frequently use in preference to transplantation of an individual muscle in cases of weakness of the anterior tibial group. It consists of exposure of all the anterior tibial tendons above the ankle-the' fascia covering them being cleanly dissected :tway; opposing tendinous surfaces are incised and the inner surface of the tendon exposed by dissection. The tendons are then united to one another by suture-the tension on individual tendons varying according to the previous tendency'to inversion or eversion. This method obviates the necessity of the technically difficult operations designed to maintain integrity of the tendon sheaths and the nutrition of tendons. It is simple in performance and effective. No muscle power is sacrificed, and the nutrition of the tendons is not disturbed.
Calcaneo-cavus Deformity.-I have already remarked on the difficulty of preventing the insidious onset of calcaneo-cavus deformity by splintage. In these cases I frequently operate early-either fusing the peroneus longus and flexor longus hallucis to the tendo Achillis, or utilizing a portion of the tendo Achillis as a ligament to maintain a slightly equinus position of the foot in weight-bearing.
In established calcaneo-cavus deformity I depend on operations on bone to correct deformity and stabilize the foot, while all active posterior tibial and peroneal muscles are transferred to an insertion in the tendo Achillis. If power is deficient in these I utilize the additional method of tenodesis to maintain the position of slight equinus. This illustrates the utilization of three methods in the treatment of one common deformity following infantile paralysis. I believe that it is by a correct assessment of the value of one, two, or all methods, 'that we will achieve'the greatest success.
1.8 say he did not expect the tibialis posticus to become re-educated so as to act as an extensor of the ankle-joint, or the peroneus longus to become an invertor. His own expnrience coincided with that view. But transplantation of the peronei corrected the valgus deformity, and therefore improved the condition of the ankle and of the foot.
He had also been pleased to hear the President say that the transference of the biceps into the quadriceps was not a procedure he believed in. Mr. Dunn was not apparently so emphatic about the sartorius muscle.
He himself was unable to say when the quadriceps ought to be operated upon and transplanted into, because the muscle sometimes recovered its power after a lapse of many years. He had at least twelve patients who had been wearing splints for a number of years -the longest time was twenty-three years, and the others eight years and longer-with subsequent recovery of power in the quadriceps.
Mr. R. C. ELMSI.IE said that the subject was so difficult and diffuse that they must try to arrive at certain general principles, and he felt that Mr. Dunn had arrived at those principles.
One point, emphasized by the President, was that the various methods of tackling these problems must be suitably combined; in every case it was desirable to draw up a programme, utilizing the methods of arthrodesis, tenodesis, and tendon transplantation so as to achieve the best ultimate result. Such a programme could be classified under three heads: what one would do to the bone and joint, what one would do in giving fixation to tendons, and what one would do in the way of transplanting tendons. Those must be considered as a whole, not as separate entities.
A transplanted tendon must be capable of carrying out its new function, and should be properly lined. Too often tendons had been called upon to carry out functions which were impossible to them, e.g., to work round some angle which was an anatomically impossible one. Tke tendon should be capable of being re-educated in its new sphere. As the President had said, there was a difference between the upper and the lower limb. In the lower limb one was dealing with the functions of locomotion, purposes which were semi-automatic, i.e., without any obvious willing; here, therefore, any function transferred' must be capable of such practically automatic action. In the upper limb, on the other hand, the function carried out was more voluntary, and therefore re-education of voluntary action was more feasible.
The President instanced the biceps transplanted to the quadriceps. A case of biceps transplantation had been shown before the Section a year or two previousl#, in which the patient was able to sit with the knee flexed and to extend the knee by the action of the transplanted biceps; yet when he walked he did so with a stiff knee, because the biceps automatically acted at the time when the knee should have been flexing.
Much had been said by Mr. Dunn on the experimental work carried out on the nutrition of tendons and on what happened when tendons were transplanted, but Mr. Dunn had not outlined his own' methods of carrying out the principles arrived' at as a result of those experiments. He (Mr. Elmslie) realized that the nutrition of the tendon in its natural state was probably dependent on the mesotendon but surgeons were -accustomed to transplanting tendons very freely, and in so doing' they destroyed the;mesotendon and yet the function was successfully preserved. He believed that the tendon preserved its nutrition if it were transplanted through a fatty layer. He himself transplanted the tibialis anticus in subcutaneous tissue.
He felt.that Members were greatly indebted to the President for what-he had said on the gradual corrpetion of deformities, as opposed to correction by operatioh. He was sure he was himself performing operations on flexed hips and flexed knees too freely; and he would go away from this discussion with the intention of making a more prolonged and definite trial of correction of flexed knees and flexed hips by gradual splintage.
Mr. HARRY PLATT referred to what was one of the most important parts of the paper, namely, the-conservative attitude which ought to be adopted towards contracted muscles, especially in deformities of the hip and knee. During the past fi-ve years he had abandoned operations in the correction of flexed hips. The subject of tendon or muscle transplantation was a fascinating one, and opinions, as in other branches of surgery, had oscillated from one extreme to another, principles having been lost in a maelstrom of technique. But there were technical principles which were equally fundamental, and he thought the work of Biesalski and Leo Mayer was worthy of much greater consideration than, so far, it had received in this country. The peroneus longus transplanted through a long incision and carried underneath the annular ligament, through the sheath of the tibialis anticus, did not act as an invertor, but in common with the other dorsiflexors.
Although the surgeon must endeavour to reduce this whole problem to one of extreme simplicity, it was wise not to ignore some of the minutiae in transplantation technique.
Mr. G. R. GIRDLESTONE said he thought that in the treatment of infantile paralysis there had been too great a tendency to put the foot at right angles. Most of these patients had a short leg and a weak or a paralysed quadriceps. A rather tight tendo Achillis was a source of no real harm if the person had a short leg, because the heel could be raised ultimately to correspond, and a rather tight tendo Achillis was a great advantage when the person had a weak quadriceps. By elongating the tendo Achillis, or by stretching it, one could greatly accentuate the evil of a weak quadriceps. A child could easily get over a weak dorsiflexor group by lifting the foot extra high in walking, but it could not get over a paralysed quadriceps, or a weak tendo Achillis, except by the use of a walking caliper.
The President had .not said what was his own practice in regard to replacing the gluteas medius. Unless there was a strong tensor femoris -which could be pushed back, he (the speaker) felt helpless in the face of a very bad gluteus medius limp, and would be glad to learn of any effective means of countering this.
Mr. H. A. T. FAIRBAN1K said he would like to ask the President what after-treatment he employed after correction of the flexed hip, and for how long this was carried on. There seemed to be a very strong tendency for relapse of the flexion in these cases, particularly when the extensors of the hip were completely paralysed.' He (the speaker) used a double inclined plane bed with the pelvis lying over the highest point, since hyper-extension was essential. He admitted that he had probably operated in too large a number of cases with this deformity.
With regard to transplantation of tendons, he did not believe in re-education of the higher nerve centres, and he never tried to make a muscle act as an opponent of its own group, in the lower limb. In the upper limb the synergic action of muscles entirely altered the case. Having selected a suitable tendon for grafting, according to the accepted rules, he thought the most important point in the technique was the tension at which the grafted tendon was sewn; the tendon must be tight. The error was almost invariably in the direction of too low a tension rather than too high. He regarded the question of adhesions as of far less importance. He entirely agreed with the frequent use of a judicious combination of arthrodesis and tendon transplantation. He had come to this conclusion before the war, and after an interval of practically five years with little or no civil surgery he had had to tackle the problem afresh, and had arrived at a similar decision.
Mr. MITCHELL SMITH said that there was a great tendency to-day to correct deformities by operations, and he was pleased to hear this advocacy of a return to gradual mechanical correction. Mr. W. ROWLEY BRISTOW asked whether the President had experience of tendon transplantation for paralysis of the deltoid and of transplantations abou1t the hip to recover the power of abduction.
He would like to defend the principle of the quick correction of deformity as against gradual correction. Mr. Dunn, working at Baschurch with Miss Hunt and the team she had trained, had been in a position to carry out this treatment in a way which was not possible to those who were not favoured with such an expert staff.
Mr. B. WHITCHURCH HOWELL said he thought many of the failures in tendon transplantation were due not to lack of muscle balance or of anatomical alignment of the new tendon, so much as to a lack of splitting up of the muscle near its origin. Orthopfedic surgeons had been brought up to stimulate these transplants rather late after the operation; his practice now was to have them stimulated on the fourth day, and the results were better. The tibialis anticus was transplanted with a portion of the internal cuneiform and put into bone.
Mr. NAUGHTON DUNN (President), in reply, said that in dealing with a paralysed quadriceps he transplanted either the sartorius or the tensor fascie femoris. If one asked a child with a paralysed, limb to extend its knee-joint, and in the effort the limb was turned outwards, it meant that the patient had a good -rtorius muscle. But if it turned its knee-joint in, it had an active tensor fascia femoris. Therefore he would transplant either,-according to the indication of the case. It was true that in early days stimulation of muscle activity was much delayed after transplantation. Later, it was found that treatment could be begun earlier, i.e., movement could be begun at the tenth day. He thought that the main feature in the later success of tendon transplantations in musculo-spiral paralyses of the wrist was that surgeons got to understand the tension under which the transplanted tendons should be sutured.
He had had no experience of tendon transplantation at the shoulder which had been effective; moreover, there were no reports of cases of this kind for which success had been claimed. With control of the scapula and with a good hand, the functional result was successful if arthrodesis of the shoulder had been carried out in the correct position. Mr. Bristow had raised the question of quick correction of deformity, and the skilled staff necessary for gradual methods. The reply to that was that the absence of a skilled staff was no reason why the best treatment should not be advocated.
In the after-treatment of flexion-contraction of the hip, he kept the hip hyper-extended for six weeks or,so; there was then very little tendency to re-contracture if the contracture had been overcome by gradual splintage.
His. experience did not include a successful case of transplantation or treatment by splintage, apart from fixation of the hip-joint, when the gluteal muscles were severely paralysed. That was why he emphasized the importance of the gradual correction of deformity in flexion-contraction of the hip-joint, rather than rapid correction involving the sacrifice of the gluteus medius.
He was satisfied that the peroneus longus would never act as an active dorsiflexor of the foot; it might stabilize the foot, but it was a muscle which he did not transplant.
Mr. Elmslie had pointed out that the flexors of the wrist were synergic in action when the wrist was dorsiflexed, and that was true, and it might help to account for the readiness with which they responded to action after transplantation. He (the speaker) had also had success with transplanting the extensors of the wrist to act as flexors of the hand. He thought that almost any muscle of the hand could be transplanted to function apart from its group. It depended on the fact that the actions of those muscles were highly specialized. The best results were obtained from group transplantations, or from one to another of the same group.
With regard to the physiology of tendons, he purposely spent a good deal of time in the paper in dealing with the modern literature in order to illustrate that it could not be so important as modern writers stated. He agreed with Mr. Elmslie that good results ensued from subcutaneous transplantation. The selection of the tendon and its suture under correct tension were the important factors.
